HeLa cells contain a high M.W. form of DNA ligase which can be completely converted to a low M.W. form. Stokes radius, frictional ratio, sedimentation coefficient, molecular weight, pH dependence, and heat inactivation rate of the two forms have been studied. The major properties of the two forms of DNA ligase in HeLa cells (in particular molecular weights and pH dependence) resemble those of the "dimer" and "monomer" structures described in cultured human cells (Pedrali, G., Spadari, S., Ciarrocchi, G., Pedrini, M., Falaschi, A. (1973) Eur. J. Biochern., 3 > 9 _ 343).
INTRODUCTION
In previous papers (1, 2) we described the purification and some properties of the DNA ligase from cultured human cells.
The enzyme requires ATP and shows unique properties such as a bimodal pH curve, a partial dependence on added heat stable protein fraction and fractionation into two molecular forms, one having a molecular weight of 190, 000 and the other 95, 000.
In the present paper I have studied some molecular properties of 
Growth of cells and viruses and infection procedures.
HeLa cells were grown in suspension cultures in F-13 medium (Gibco) supplemented with 5% fetal calf serum (Gibco). The cells were harvested at a density of 5x10 cells per ml by centrifugation at lOOOxg and washed as described by Berkowitz et al. (4) .
The WR strain of vaccinia virus and vaccinia infected HeLa cells were grown as described by La Colla and Weissbach (5) . HeLa S-3 cells, growing in logarithmic phase, were collected by centrifugation and suspended at a concentration of 5x10 cells/ml in F-13 medium supplemented with 5% heat-inactivated fetal calf-serum. Vaccinia virus was added to the culture (12 PFU/cell) and allowed to adsorb in the presence of 20 mM MgCl ? for one hour at 37°C. The cells were then washed and resuspended at 5x10 cells/ml in F-13 medium supplemented with 5%
heat-inactivated fetal calf serum, 1% lactalbumin hydrolyzate (Gibco), 1%
non essential aminoacids (Gibco). This time was taken as 0 hour after infection.
The infected cells were maintained in spinner culture at 37°C.
At intervals after infection samples of the cells were centrifuged and washed (4).
Abbreviations: PFU = plaque-forming unit; MEM= minimal Eagle medium; HSV = herpes simplex I virus; M.W. = molecular weight.
HSV-l MPdK (a deletion mutant) virus was grown in HeLa F cells (Flow Laboratories) as described by Weissbach et al. (6) . Cells (seeded o at about 3x10 per roller bottle) were infected with 10 PFU/cell. The virus was allowed to adsorb in the presence of 15 ml of MEM (Gibco, F -l l ) .
After one hour of adsorption the roll was layered with 250 ml of MEM supplemented with 2% heat-inactivated fetal calf serum. This time was taken as 0 hour. Cells were centrifuged and washed at the indicated intervals after infection.
Synchronization of cells and preparation of subcellular fractions.
HeLa S-3 cells were grown and synchronized as described by Spadari and Weissbach (7) . Cytoplasmic fraction and Triton N-101 washed nuclei were prepared by Dounce homogenization according to Spadari and Weissbach (8) .
Assay of DNA ligase.
The assay described by Spadari et al. (1) One unit of enzyme is defined as the amount catalyzing the joining of 1 nmol of nucleotide residues of poly(dT) to cellulose per hour.
Boiled crude extract (5 ,ug/assay) was present in all assays after chromatography of DNA ligase on DEAE cellulose (2).
Assay of thymidine kinase.
Thymidine kinase was assayed according to Munyon et al. (11) .
Purification of DNA ligase from uninfected and virus-infected HeLa cells. Gel filtration.
Analytical gel filtration was done on a column of Sephadex G-100, 1. 5x23 cm, equilibrated with 50 mM Tris-HCl (pH 7.5), 0.15 M KC1, 1 mM dithiothreitol. 0. 5 ml fractions were collected at a flow rate of 2 ml per hour. The column was previously calibrated with blue dextran, catalase, bovine serum albumin, ovalbumin and myoglobin.
Determination of molecular weights and frictional ratios.
The molecular weights and frictional ratios were estimated according to Siegel and Monty (12) , using the values of Stokes radius measured by gel filtration and the s.° values determined by sedimentation in sucrose gradient.
Protein determination.
The fluorimetric assay for protein described by Bohlen et al. (13) has been used through all stages of the enzyme purification except the crude extracts where the Lowry method (14) has been used.
RESULTS
Properties of DNA ligase from HeLa cells.
When subcellular fractions are prepared by rupture of cells in aqueous systems as described by Spadari and Weissbach (8), approximately 80% of the DNA ligase activity is found in the cytoplasm compartment.
The presence of DNA ligase in the cytoplasmic soluble fraction might of course be due to leakage of the enzyme from nuclei during cell rupture.
The experiments described in this paper have been done with the cytoplasmic fraction, but similar properties (unpublished results) were found for the DNA ligase purified from the nuclei.
When DNA ligase is purified from fresh HeLa cells, as described Table I . The two forms of DNA ligase present a first order inactivation kinetics at 45°C with similar inactivation rates; furthermore the heat inactivation curves at different temperatures (Fig.3) are essentially identical for the two forms.
My conclusion is that the enzyme purified from HeLa cells shows the same dinner-monomer conversion described previously in other human cells (2, 22) and that the smallest catalytically active unit has a molecular weight of approximately 80,000.
The similarity between the DNA ligase from HeLa and EUE cells (7) which occurs with DNA synthesis (7, 15 -17) . The cofactor requirement of the induced DNA ligase in crude extracts was unchanged and they had no evidence that this increase in activity was caused by the appearance of a viral-coded enzyme. In both cases the partially purified enzymes were examined for the properties described for the DNA ligase obtained from uninfected cells.
The chromatographic properties of theseligases on DEAE cellulose,
phosphocellulose and hydroxylapatite columns were identical. Mg and ATP cofactors could not be replaced by Mn and NAD respectively. The purified enzymes present in hydroxylapatite fractions appeared as the high molecular weight form in both cases as measured by gel filtration on G-100 and sucrose sedimentation studies, and could be completely converted into a low molecular weight activity by freezing and thawing.
Molecular parameters of the two forms of DNA ligase from infected cells were identical to those reported in Table I Ligase activity could not be detected in purified vaccinia or Herpes
Simplex particles.
DISCUSSION
The present data and our earlier Results (1, 2) indicate that DNA ligase is present in mammalian cells as high molecular weight form which can be completely converted in vitro to a low molecular weight form. The two forms differ in several parameters (molecular weight, K , Stokes radius, sedimentation coefficient, frictional ratio, pH dependence) but have in common the cofactor requirements (Mg and ATP), the crude boiled extract-dependence, the heat-inactivation kinetics.
Our data seem consistent with the dissociation of a dimeric protein into active monomers. But since we have never observed a reversion of the phenomenon in vitro, we cannot rule out the possibility of a dissociation of a protein tightly bound to the active ligase. Generation of a smaller active form by proteolysis seems unlikely since freezing and thawing completely dissociate the high molecular weight form.
Because of a tendency for many proteins to give aggregate forms including DNA polymerases « and p from HeLa cells (21) we feel that the lower molecular weight of 80, 000 daltons probably corresponds to the catalytically active DNA ligase.
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The high M.W. form closely resembles the DNA ligase I, that is the major ligase activity described in calf thymus by Soderhall and Lindahl (19) . These authors have also described a partial conversion of the calf thymus DNA ligase I to a low M.W. form (DNA ligase I "monomers") and, in addition, reported a minor DNA ligase activity in calf thymus, named DNA ligase II (19, 21) . That DNA ligase is closely related to DNA replication is confirmed by the 15-fold increase of DNA ligase I activity during rat liver regeneration (22) .
In both cases similar increases of DNA polymerase « have been reported (7, 23) and one may postulate that DNA ligase could act together with DNA polymerase o< in DNA replication.
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